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parts of an induction type electromagnetic transducing element and 
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SOLUTION: The recording head is equipped with a lower and upper 
magnetic poly layers 10, 18, a recording gap layer 17 provided 
between the magnetic pole parts of the magnetic poly layers 10, 18, 
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1 0b. The end of the yoke part layer 1 0b on an air bearing face 30 
side is situated at a position a way from the air bearing face 30. The 
thin film coil 13 is arranged to the side of the magnetic pole part 
layer 10a. The upper magnetic pole layer 18 is composed of a single 
layer. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The medium opposed face which counters a record medium, and the 1st and 2nd magnetic layers which 
contain at least one layer including the magnetic pole part which each other is connected magnetically and counters 
said medium opposed face side mutually, respectively, At least the gap layer prepared between the magnetic pole 
part of said 1 st magnetic layer and the magnetic pole part of said 2nd magnetic layer and a part between said 1 st 
and 2nd magnetic layers It is the thin film magnetic head equipped with the thin film coil prepared in the condition of 
having insulated to said 1 st and 2nd magnetic layers. Said 1 st magnetic layer The magnetic pole partial layer which 
one field adjoins said gap layer and contains the magnetic pole part in the 1 st magnetic layer. Connect with the field 
of another side of said magnetic pole partial layer, and it has a York partial layer used as the York part in the 1 st 
magnetic layer. It is the thin film magnetic head which the edge by the side of the medium opposed face of said York 
partial layer is arranged in the location distant from the medium opposed face, and said some of thin film coils [ at 
least ] are arranged in the side of said magnetic pole partial layer, and is characterized by said 2nd magnetic layer 
consisting of one layer which has the part which specifies the width of recording track. 

[Claim 2] Said magnetic pole partial layer is the thin film magnetic head according to claim 1 characterized by an 
end containing the part which has been arranged at the medium opposed face, and which has width of face equal to 
the width of recording track. 

[Claim 3] Said magnetic pole partial layer is the thin film magnetic head according to claim 1 characterized by 
including the 2nd part which a medium opposed face is arranged in the opposite side, and has larger width of face 
than the width of recording track rather than the 1st part which an end is arranged at a medium opposed face and 
has width of face equal to the width of recording track, and said 1 st part 

[Claim 4] Furthermore, the thin film magnetic head according to claim 1 to 3 characterized by having the coil 
insulation layer to which some thin film coils [ at least ] arranged in the side of said magnetic pole partial layer were 
covered, and flattening of the field by the side of said gap layer was carried out with the field by the side of the gap 
layer in said magnetic pole partial layer. 

[Claim 5] The medium opposed face which counters a record medium, and the 1 st and 2nd magnetic layers which 
contain at least one layer including the magnetic pole part which each other is connected magnetically and counters 
said medium opposed face side mutually, respectively, At least the gap layer prepared between the magnetic pole 
part of said 1st magnetic layer and the magnetic pole part of said 2nd magnetic layer and a part between said 1st 
and 2nd magnetic layers The process which is the manufacture approach of the thin film magnetic head equipped 
with the thin film coil prepared in the condition of having insulated to said 1 st and 2nd magnetic layers, and forms 
said 1 st magnetic layer. At least the process which forms said gap layer on said 1 st magnetic layer, the process 
which forms said 2nd magnetic layer on said gap layer, and a part between said 1 st and 2nd magnetic layers The 
process which is equipped with the process which forms said thin film coil, and forms said 1 st magnetic layer so that 
it may be arranged in the condition of having insulated to these 1 st and 2nd magnetic layers The magnetic pole 
partial layer which one field adjoins said gap layer and contains the magnetic pole part in the 1 st magnetic layer. 
Connect with the field of another side of said magnetic pole partial layer, and the York partial layer used as the York 
part in the 1 st magnetic layer is formed. And the process which arranges the edge by the side of the medium 
opposed face of said York partial layer in the location distant from the medium opposed face, and forms said thin 
film coil It is the manufacture approach of the thin film magnetic head which arranges said some of thin film coils 
[ at least ] to the side of said magnetic pole partial layer, and is characterized by said 2nd magnetic layer consisting 
of one layer which has the part which specifies the width of recording track. 

[Claim 6] Said magnetic pole partial layer is the manufacture approach of the thin film magnetic head according to 
claim 5 characterized by an end containing the part which has been arranged at the medium opposed face, and 
which has width of face equal to the width of recording track. 

[Claim 7] Said magnetic pole partial layer is the manufacture approach of the thin film magnetic head according to 
claim 5 characterized by including the 2nd part which a medium opposed face is arranged in the opposite side, and 
has larger width of face than the width of recording track rather than the 1 st part which an end is arranged at a 
medium opposed face and has width of face equal to the width of recording track, and said 1 st part 
[Claim 8] Furthermore, the manufacture approach of the thin film magnetic head according to claim 5 to 7 
characterized by having the process which forms the coil insulation layer to which some thin film coils [ at least ] 
arranged in the side of said magnetic pole partial layer were covered, and flattening of the field by the side of said 
gap layer was carried out with the field by the side of the gap layer in said magnetic pole partial layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention — at least — an induction type — electromagnetism — it is related with the 

thin film magnetic head which has a sensing element, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, the improvement in the engine performance of the thin film magnetic 
head is called for with improvement in the surface recording density of a hard disk drive unit, as the thin film 
magnetic head — the induction type for writing — electromagnetism — the compound-die thin film magnetic head 
of the structure which carried out the laminating of the reproducing head which reads with the recording head which 
has a sensing element, and has the magnetic-reluctance (it is hereafter described also as MR (Magneto-resistive).) 
component of business is used widely. 

[0003] By the way, in order to raise recording density among the engine performance of a recording head, it is 
necessary to raise the track density in a magnetic-recording medium. It is necessary to realize the recording head 
of the narrow track structure which narrowed width of face in the air bearing side of that lower magnetic pole 
formed up and down and an up magnetic pole from several microns to the submicron dimension on both sides of the 
record gap layer, and for that, in order to attain this, the semi-conductor processing technique is used. 
[0004] Here, with reference to drawing 9 thru/or drawing 12 , an example of the manufacture approach of the 
compound-die thin film magnetic head is explained as an example of the manufacture approach of the conventional 
thin film magnetic head. In addition, in drawing 9 thru/or drawing 12 , (a) shows a cross section perpendicular to an 
air bearing side, and (b) shows the cross section parallel to the air bearing side of a magnetic pole part. 
[0005] By this manufacture approach, first, as shown in drawing 9 , the insulating layer 102 which consists of an 
alumina (aluminum 203) is deposited by the thickness of about about 5-10 micrometers on the substrate 101 which 
consists of ARUTIKKU (aluminum 203, TiC). Next, the lower shielding layer 103 for the reproducing heads which 
consists of a magnetic material is formed on an insulating layer 102. 

[0006] Next, on the lower shielding layer 1 03, sputter deposition of the alumina is carried out to the thickness of 
100-200nm, and the lower shielding gap film 104 as an insulating layer is formed. Next, the MR component 105 for 
playback is formed on the lower shielding gap film 104 at the thickness of dozens of nm. Next, the electrode layer 
106 of the pair electrically connected to the MR component 105 is formed on the lower shielding gap film 104. 
[0007] Next the up shielding gap film 107 as an insulating layer is formed on the lower shielding gap film 104 and the 
MR component 105, and the MR component 105 is laid underground in the shielding gap film 104,107. 

[0008] Next on the up shielding gap film 107, it consists of a magnetic 'material 'and the~lower~[ an up shielding 

layer-cum-] magnetic pole layer (it is hereafter described as a lower magnetic pole layer.) 1 08 used to the both 
sides of the reproducing head and a recording head is formed at the thickness of about 3 micrometers. 
[0009] Next as shown in drawing 10 , the record gap layer 109 which consists of an insulator layer, for example, the 
alumina film, is formed on the lower magnetic pole layer 108 at the thickness of 0.2 micrometers. Next for 
magnetic-path formation, the record gap layer 109 is etched partially and contact hole 109a is formed. Next, the up 
magnetic pole chip 1 10 which consists of a magnetic material for recording heads is formed on the record gap layer 
109 in a magnetic pole part at the thickness of 0.5-1.0 micrometers. The magnetic layer 119 which becomes 
coincidence from the magnetic material for magnetic-path formation on contact hole 109a for magnetic-path 
formation at this time is formed. 

[0010] Next as shown in drawin g 1 1 , the record gap layer 109 and the lower magnetic pole layer 108 are etched by 
ion milling by using the up magnetic pole chip 1 10 as a mask. As shown in drawing 1 1 (b), the structure where some 
each side attachment walls of an up magnetic pole part (up magnetic pole chip 110), the record gap layer 109, and 
the lower magnetic pole layer 108 were formed perpendicularly in self align is called trim (Trim) structure. 
[001 1] Next the insulating layer 1 1 1 which consists of alumina film is formed in the whole surface at the thickness 
of about 3 micrometers. Next it grinds and flattening of this insulating layer 1 1 1 is carried out until it reaches the 
front face of the up magnetic pole chip 1 1 0 and a magnetic layer 1 1 9. 

[0012] Next the thin film coil 112 of the 1st layer for the recording heads of the induction type which consists of 
copper (Cu) is formed on the insulating layer 1 1 1 by which flattening was carried out Next, a photoresist layer 1 1 3 
is formed on an insulating layer 1 1 1 and a coil 1 12 at a predetermined pattern. Next in order to make the front face 
of a photoresist layer 1 1 3 flat it heat-treats at predetermined temperature. Next the thin film coil 1 1 4 of the 2nd 
layer is formed on a photoresist layer 113. Next, a photoresist layer 115 is formed on a photoresist layer 113 and a 
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coil 1 14 at a predetermined pattern. Next, in order to make the front face of a photoresist layer 115 flat it heat- 
treats at predetermined temperature. 

[0013] Next, as shown in drawing 1 2 , the up magnetic pole layer 116 which consists of a magnetic material for 
recording heads, for example, a permalloy, is formed on the up magnetic pole chip 1 10, a photoresist layer 1 13,1 15. 
and a magnetic layer 119. Next, the overcoat layer 117 which consists of an alumina is formed on the up magnetic 
pole layer 116. Finally the slider containing above-mentioned each class is machined, the air bearing side 118 of the 
thin film magnetic head containing a recording head and the reproducing head is formed, and the thin film magnetic 
head is completed. 

[0014] Drawing 13 is the top view of the thin film magnetic head shown in drawing 12 . In addition, in this drawing, 
the overcoat layer 117, other insulating layers, and an insulator layer are omitted. 

[0015] In drawing 12 (a), TH expresses throat height and MR-H expresses MR height In addition, throat height 
means the die length (height) from the edge by the side of an air bearing side of the part which two magnetic pole 
layers counter through a record gap layer to the edge of the opposite side. Moreover, MR height means the die 
length (height) from the edge by the side of the air bearing side of MR component to the edge of the opposite side. 
Moreover, in drawing 12JL2 (b), P2W express magnetic pole width of face, i.e., recording track width of face. There is 
an apex angle type (Apex Angle) as shown by theta else [, such as throat height and MR height, ] in drawing 12 (a) 
as a factor which opts for the engine performance of the thin film magnetic head. This apex angle type says the 
include angle of the straight line which connects the corner of the side face by the side of the magnetic pole in the 
coil part (henceforth the apex section) which was covered by the photoresist layer 113,115 and rose in the shape of 
a crest and the top face of an insulating layer 1 1 1 to make. 
[0016] 

[Problem(s) to be Solved by the Invention] In order to raise the engine performance of the thin film magnetic head, 

it is important to form correctly the throat height TH as shown in drawing 12 , MR height MR-H, the apex angle type . 

theta, and recording track width-of-face P2W. 

[001 7] In order to enable high surface density record especially in recent years (i.e., in order to form the recording 
head of narrow track structure), the submicron dimension of 1.0 micrometers or less is demanded of width-of- 
recording-track P2W. Therefore, the technique of processing an up magnetic pole into a submicron dimension using 
a semi-conductor processing technique is needed. 

[0018] Here, it poses a problem that it is difficult to form minutely the up magnetic pole layer formed on the apex 
section 

[001 9] By the way, as an approach of forming an up magnetic pole layer, as shown in JP,7-26251 9,A, the frame 
galvanizing method is used, for example. When forming an up magnetic pole layer using the frame galvanizing method, 
on the whole, the thin electrode layer which consists of a permalloy is first formed by sputtering on the apex 
section. Next on it a photoresist is applied, patterning is carried out according to a photolithography process, and 
the frame for plating (outer frame) is formed. And an up magnetic pole layer is formed by the galvanizing method by 
using as a seed layer the electrode layer formed previously. 

[0020] However, there is the difference of elevation 7-10 micrometers or more in the apex section and other parts, 
for example. On this apex section, a photoresist is applied by the thickness of 3-4 micrometers. Supposing at least 
3 micrometers or more of thickness of the photoresist on the apex section are required, since the photoresists with 
a fluidity gather in the lower one, in the lower part of the apex section, the photoresist film with a thickness of 8-10 
micrometers or more will be formed, for example. 

[0021] In order to realize recording track width of face of a submicron dimension as mentioned above, it is 
necessary to form the frame pattern of the width of face of a submicron dimension with the photoresist film. 
Therefore, a pattern with a detailed submicron dimension must be formed on the apex section with the photoresist 
film with the thickness of 8-10 micrometers or more. However, it was very difficult on the production process to 
form the photoresist pattern of such thick thickness by ** pattern width of face. 

[0022] And at the time of exposure of a photolithography, the light for exposure reflects by the substrate electrode 
layer as a seed layer, a photoresist exposes, collapse of a photoresist pattern etc. arises and Sharp and an exact 
photoresist pattern are no longer obtained by this reflected light 

[0023] Thus, when magnetic pole width of face became a submicron dimension conventionally, there was a trouble 
that it became difficult to form an up magnetic layer with a sufficient precision. 

[0024] As drawing 10 R> 0 of the above-mentioned conventional example thru/or the process of drawing_12 also 
showed, after forming the width of recording track of 1.0 micrometers or less from such a thing with the up 
magnetic pole chip 110 effective in formation of the narrow track of a recording head, the approach of forming the 
up magnetic pole layer 116 used as the York part connected with this up magnetic pole chip 1 10 is also adopted 
(refer to JP,62-245509,A and J P. 60- 10409, A). Thus, it becomes possible by dividing the usual up magnetic pole 
layer into the up magnetic pole layer 1 1 6 used as the up magnetic pole chip 1 1 0 and the York part to form 
somewhat minutely the up magnetic pole chip 1 10 which determines recording track width of face on the flat field on 
the record gap layer 109. 

[0025] Moreover, the thin film magnetic head which constituted the magnetic pole part from two layers of the layer 
used as the included layer and the York part is indicated by JP.6-314413.A in the both sides of an up magnetic pole 
layer and a lower magnetic pole layer. 

[0026] However, also in the thin film magnetic head shown in drawing 12 . the apical surface of the layer used as the 
York part is exposed to an air bearing side also in the thin film magnetic head indicated by JP.6-314413.A. 
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Therefore, in such the thin film magnetic head, not only the layer containing a magnetic pole part but the layer side 
used as the York part had the trouble which writing is performed and writes data also in fields other than the field 
which should be recorded essentially to a record medium that the so-called side light was generated. 
[0027] Moreover, in the thin film magnetic head indicated by JP.6-314413A the width of face of a total of four 
layers of two layers, two layers of an up magnetic pole layer and lower magnetic pole layers, is equally formed in the 
magnetic pole part Thus, as an approach of forming four layers so that width of face may become equal in a 
magnetic pole part, how to form each class so that the configuration of the magnetic pole part of each class may be 
decided at the time of formation of each class, and the approach of etching four layers collectively so that the width 
of face of four layers in a magnetic pole part may become equal after forming four layers can be considered. 
[0028] However, there is a trouble that it is difficult to determine the configuration of the magnetic pole part of each 
class with a sufficient precision, and to perform alignment of the magnetic pole part of each class with a sufficient 
precision when recording track width of face is made small especially by the approach of forming each class so that 
the configuration of the magnetic pole part of each class may be decided at the time of formation of each class. 
[0029] Moreover, by the approach of etching four layers collectively, while etching takes much time amount, there is 
a trouble that it is difficult to determine the configuration of the magnetic pole part of four layers with a sufficient 
precision. 

[0030] Moreover, in the conventional thin film magnetic head, there was a trouble that it was difficult to shorten 
magnetic-path length (Yoke Length). That is, the recording head which could realize the short head of magnetic- 
path length and was excellent in especially the high frequency property could be formed so that the coil pitch was 
small, but when a coil pitch was made small infinite, the distance from a throat height zero location (location of the 
edge by the side of the air bearing side of the insulating layer which determines throat height) to the periphery edge 
of a coil had become the big factor which bars shortening magnetic-path length. Since magnetic-path length can do 
the two-layer coil short rather than the coil of one layer, it has adopted the two-layer coil in the recording head for 
many RFs. However, by the conventional magnetic head, after forming the coil of the 1st layer, in order to form the 
insulator layer between coils, the photoresist film is formed by the thickness of about 2 micrometers. Therefore, the 
small apex roundish [ wore ] is formed in the periphery edge of the coil of the 1 st layer. Next, although the coil of a 
two-layer eye is formed on it, since etching of the seed layer of a coil cannot be performed but a coil short-circuits 
by the ramp of the apex section in that case, it is necessary to form the coil of a two-layer eye in a flat part. 
[0031] When follow, for example, thickness of a coil is set to 2-3 micrometers, thickness of the insulator layer 
between coils is set to 2 micrometers and an apex angle type is made into 45 degrees - 55 degrees, as magnetic- 
path length Twice with a distance of 3-4 micrometers which is the distance of a up to [ from the periphery edge of 
a coil ] near the throat height zero location in addition to the die length of the part corresponding to a coil (3-4 
micrometers also of distance from the contact section of an up magnetic pole layer and a lower magnetic pole layer 
to a coil inner circumference edge are also required.) 6—8 micrometers is required. Die length other than the part 
corresponding to this coil had become the factor which bars contraction of magnetic-path length. 
[0032] Here, the case where the 11 -volume coil whose tooth space the line breadth of a coil is 1.2 micrometers and 
is 0.8 micrometers is formed by two-layer is considered. In this case, as shown in drawing 12 , when it makes the 
1st layer into six volumes and a two-layer eye is made into five volumes, the die length of the part corresponding to 
the coil 1 12 of the 1st layer is 1 1.2 micrometers among magnetic-path length. Die length of a total of six -8 
micrometers is needed for magnetic-path length as a distance to the edge of the photoresist layer 1 1 3 for insulating 
the coil 1 12 of the 1st layer from the periphery edge and inner circumference edge of a coil 1 12 of the 1st layer. 
Therefore, magnetic-path length is set to 17.2-19.2 micrometers. Moreover, if a 11 -volume coil is formed by one 
layer, magnetic-path length is set to 27.2-29.2 micrometers. In addition, as the sign L0 showed magnetic-path length 
Jn drawing 12 . the die length of the part except the magnetic pole part of the magnetic pole layers and a contact 
part expresses with this application. Thus, conventionally, contraction of magnetic-path length is difficult and this 
had barred the improvement of a RF property. 

[0033] that by which this invention was made in view of this trouble — it is — the 1 st purpose — an induction type 

electromagnetism — while being able to form the magnetic pole part of a sensing element with a sufficient 
precision, it is in offering the thin film magnetic head which enabled it to prevent the writing of the data to fields 
other than the field which should be recorded, and its manufacture approach. 

[0034] The 2nd purpose of this invention is to offer the thin film magnetic head which enabled contraction of 

magnetic-path length, and its manufacture approach in addition to the 1 st purpose of the above 

[0035] 

[Means for Solving the Problem] The 1st and 2nd magnetic layers which contain at least one layer including the 
magnetic pole part which the thin film magnetic head of this invention is magnetically connected with the medium 
opposed face which counters a record medium mutually, and counters a medium opposed face side mutually, 
respectively, At least the gap layer prepared between the magnetic pole part of the 1st magnetic layer and the 
magnetic pole part of the 2nd magnetic layer and a part between the 1st and 2nd magnetic layers It is the thin film 
magnetic head equipped with the thin film coil prepared in the condition of having insulated to the 1 st and 2nd 
magnetic layers. The 1 st magnetic layer The magnetic pole partial layer which one field adjoins a gap layer and 
contains the magnetic pole part in the 1st magnetic layer, Connect with the field of another side of a magnetic pole 
partial layer, and it has a York partial layer used as the York part in the 1st magnetic layer. The edge by the side of 
the medium opposed face of a York partial layer is arranged in the location distant from the medium opposed face, 
some thin film coils [ at least ] are arranged in the side of a magnetic pole partial layer, and the 2nd magnetic layer 
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consists of one layer which has the part which specifies the width of recording track. 

[0036] The medium opposed face to which the manufacture approach of the thin film magnetic head of this 
invention counters a record medium, The 1st and 2nd magnetic layers which contain at least one layer including the 
magnetic pole part which each other is connected magnetically and counters a medium opposed face side mutually, 
respectively, At least the gap layer prepared between the magnetic pole part of the 1st magnetic layer and the 
magnetic pole part of the 2nd magnetic layer and a part between the 1st and 2nd magnetic layers The process 
which is the approach of manufacturing the thin film magnetic head equipped with the thin film coil prepared in the 
condition of having insulated to the 1st and 2nd magnetic layers, and forms the 1st magnetic layer, At least the 
process which forms a gap layer on the 1st magnetic layer, the process which forms the 2nd magnetic layer on a 
gap layer, and a part between the 1 st and 2nd magnetic layers The process which is equipped with the process 
which forms a thin film coil, and forms the 1st magnetic layer so that it may be arranged in the condition of having 
insulated to these 1st and 2nd magnetic layers The magnetic pole partial layer which one field adjoins a gap layer 
and contains the magnetic pole part in the 1st magnetic layer, Connect with the field of another side of a magnetic 
pole partial layer, and the York partial layer used as the York part in the 1st magnetic layer is formed. And the 
process which arranges the edge by the side of the medium opposed face of a York partial layer in the location 
distant from the medium opposed face, and forms a thin film coil arranges some thin film coils [ at least ] to the side 
of a magnetic pole partial layer, and the 2nd magnetic layer consists of one layer which has the part which specifies 
the width of recording track. 

[0037] Since the 1st magnetic layer has a magnetic pole partial layer and a York partial layer and the edge by the 
side of the medium opposed face of a York partial layer is arranged in the location distant from the medium opposed 
face by the thin film magnetic head or its manufacture approach of this invention, it is possible to form the magnetic 
pole partial layer of the 1st magnetic layer with a sufficient precision. Moreover, by this invention, since some thin 
film coils [ at least ] are arranged in the side of a magnetic pole partial layer, the 2nd magnetic layer which consists 
of one layer can be formed in the near condition evenly or evenly. In these things to this invention, it becomes 
possible to form a magnetic pole part with a sufficient precision. Moreover, in this invention, since the edge by the 
side of the medium opposed face of a York partial layer is arranged in the location distant from the medium opposed 
face, the writing of the data to fields other than the field which should be recorded is prevented. 
[0038] In the thin film magnetic head or its manufacture approach of this invention, the magnetic pole partial layer 
may contain the part which has the width of face equal to the width of recording track by which the end has been 
arranged at the medium opposed face. 

[0039] Moreover, in the thin film magnetic head or its manufacture approach of this invention, the 2nd part into 
which a medium opposed face is arranged in the opposite side, and has larger width of face than the width of 
recording track may be included rather than the 1st part into which an end is arranged at a medium opposed face 
and a magnetic pole partial layer has width of face equal to the width of recording track, and the 1st part 
[0040] Moreover, in the thin film magnetic head or its manufacture approach of this invention, some thin film coils 
[ at least ] arranged in the side of a magnetic pole partial layer may be covered, and the coil insulation layer to 
which flattening of the field by the side of a gap layer was carried out with the field by the side of the gap layer in a 
magnetic pole partial layer may be prepared. 
[0041] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail with 
reference to a drawing. 

[the gestalt of the 1 st operation] — with reference to drawing 1 thru/or drawing 7 , the thin film magnetic head 
concerning the gestalt of operation of the 1 st of this invention and its manufacture approach are explained first. In 
addition, in drawing 1 thru/or drawing 6 , (a) shows a cross section perpendicular to an air bearing side, and (b) 
shows the cross section parallel to the air bearing side of a magnetic pole part 

[0042] By the manufacture approach of the thin film magnetic head concerning the gestalt of this operation, first as 
shown in drawing 1 , the insulating layer 2 which consists of an alumina (aluminum 203) is deposited by the 
thickness of about 5 micrometers on the substrate 1 which consists of ARUTIKKU (aluminum 203, TiC). Next the 
lower shielding layer 3 for the reproducing heads which consists of a magnetic material, for example, a permalloy, is 
formed on an insulating layer 2 at the thickness of about 3 micrometers. The lower shielding layer 3 uses for 
example, the photoresist film as a mask, and forms it alternatively on an insulating layer 2 by the galvanizing method. 
Next it grinds until it forms in the thickness of 4-5 micrometers the insulating layer 31 which consists of an alumina, 
for example, the lower shielding layer 3 is exposed to the whole with chemical machinery polish (it is hereafter 
described as CMP.), and flattening processing of the front face is carried out 

[0043] Next the lower shielding gap film 4 as an insulator layer is formed on the lower shielding layer 3 at the 
thickness of about 20-40nm. Next, the MR component 5 for playback is formed on the lower shielding gap film 4 at 
the thickness of dozens of nm. The MR component 5 is formed by etching alternatively MR film formed by the 
spatter. In addition, the component using the magnetosensitive film in which magneto-resistive effects, such as the 
AMR component, a GMR component, or a TMR (tunnel magneto-resistive effect) component, are shown can be used 
for the MR component 5. Next the electrode layer 6 of the pair electrically connected to the MR component 5 is 
formed on the lower shielding gap film 4 at the thickness of dozens of nm. Next the up shielding gap film 7 as an 
insulator layer is formed on the lower shielding gap film 4 and the MR component 5 at the thickness of about 20- 
40nm. and the MR component 5 is laid underground in the shielding gap film 4 and 7. As an insulating material used 
for the shielding gap film 4 and 7, there are an alumina, alumimium nitride, diamond-like carbon (DLC), etc. moreover, 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/06/05 



the shielding gap film 4 and 7 — a spatter — you may form — chemical vapor growth (CVD) — you may form by 
law. In forming the shielding gap film 4 and 7 which consists of alumina film with a CVD method, as an ingredient, it 
uses trimethylaluminum (aluminum3 (CH3)) and H20. If a CVD method is used, it will become it is thin, and is precise 
and possible to form little shielding gap film 4 and 7 of a pinhole. 

[0044] Next, the up shielding layer 8 for the reproducing heads which consists of a magnetic material, for example, a 
permalloy, is alternatively formed by the thickness of 1.0 micrometers on the up shielding gap film 7. Next, it grinds 
until it forms in the thickness of about 2-3 micrometers the insulating layer 32 which consists of an alumina, for 
example, the up shielding layer 8 is exposed to the whole with CMP, and flattening processing of the front face is 
carried out. 

[0045] Next, the insulator layer 9 which consists of an alumina in order to insulate the reproducing head and a 
recording head magnetically is formed on the up shielding layer 8 and an insulating layer 32 at the thickness of 0.1- 
0.2 micrometers. 

[0046] Next as shown in drawing 2 , York partial layer 10b which becomes the York part in the lower magnetic pole 
layer 10 for recording heads with a magnetic material is alternatively formed by the thickness of 1.0-1.5 
micrometers on an insulator layer 9. In addition, the lower magnetic pole layer 10 consists of this York partial layer 
10b, and magnetic pole partial layer 10a and connection partial layer 10c which are mentioned later. The edge by the 
side of the air bearing side 30 of York partial layer 10b is arranged in the location distant from the air bearing side 
30. 

[0047] Using NiFe (nickel:80 % of the weight Fe:20 % of the weight), NiFe (nickel:45 % of the weight Fe:55 % of the 
weight) which is a high saturation-magnetic-flux-density ingredient York partial layer 10b may be formed by the 
galvanizing method, and may be formed by the spatter using ingredients, such as FeN, FeZrN, etc. which are a high 
saturation-magnetic-flux-density ingredient In addition, CoFe, Co system amorphous material, etc. which are a high 
saturation-magnetic-flux-density ingredient may be used. 

[0048] Next it grinds until it forms in the thickness of about 2-3 micrometers the insulating layer which consists of 
an alumina, for example, York partial layer 10b is exposed to the whole with CMP, and flattening processing of the 
front face is carried out Thereby, as shown in drawing 2 , in the part from the edge by the side of the air bearing 
side 30 of York partial layer 10b to the air bearing side 30, an insulating layer 1 1 is formed on an insulator layer 9. 
[0049] Next as shown in drawing 3 , while forming magnetic pole partial layer 10a of the lower magnetic pole layer 
10 on an insulating layer 11 and York partial layer 10b, connection partial layer 10c is formed on York partial layer 
10b. Magnetic pole partial layer 10a contains the magnetic pole part in the lower magnetic pole layer 10. Connection 
partial layer 10c is arranged in the location near the core of the thin film coil mentioned later. Thickness of magnetic 
pole partial layer 10a and connection partial layer 10c is set to 1.0-1.5 micrometers. 

[0050] Using NiFe (nickel:80 % of the weight Fe:20 % of the weight), NiFe (nickel:45 % of the weight Fe:55 % of the 
weight) which is a high saturation-magnetic-flux-density ingredient magnetic pole partial layer 1 0a of the lower 
magnetic pole layer 10 and connection partial layer 10c may be formed by the galvanizing method, and may be 
formed by the spatter using ingredients, such as FeN, FeZrN, etc. which are a high saturation-magnetic-flux-density 
ingredient In addition, CoFe, Co system amorphous material, etc. which are a high saturation-magnetic-flux-density 
ingredient may be used. 

[0051] Next as shown in drawing 4 , the insulator layer 12 which consists of an alumina is formed in the whole at 
the thickness of about 0.3-0.5 micrometers. Next the thin film coil 1 3 which consists of copper is formed by the 
frame galvanizing method on an insulator layer 12 at the thickness of 0.8-1.0 micrometers. The thin film coil 13 is 
formed so that it may be wound focusing on connection partial layer 10c. In addition, sign 13a shows among drawing 
the connection for connecting with the lead layer 19 which mentions the thin film coil 13 later. Next, a photoresist 
layer 14 is formed so that the thin film coil 13 may be enclosed. 

[0052] Next the coil insulation layer 1 5 which consists of an alumina is formed in the whole by the thickness of 
about 3-4 micrometers. Next, for example by CMP, the coil insulation layer 1 5 is ground and flattening processing of 
the front face is carried out until magnetic pole partial layer 10a of the lower magnetic pole layer 10 and connection 
partial layer 10c are exposed. Although drawing 4 has not exposed the thin film coil 13, you may make it the thin film 
coil 1 3 expose it here. 

[0053] Next as shown in drawing 5 , the insulating layer 1 6 which consists of an alumina in order to specify throat 
height on the whole except the part from the location which only a predetermined distance separated from the air 
bearing side 30 to the air bearing side 30 is formed in the thickness of 0.8 micrometers. 

[0054] Next the record gap layer 1 7 which becomes the whole from an insulating material is formed in the thickness 
of 0.1-0.15 micrometers. Generally as an insulating material used for the record gap layer 17, there are an alumina, 
alumimium nitride, a silicon oxide system ingredient, a silicon nitride system ingredient diamond-like carbon (DLC), 
etc. moreover, the record gap layer 17 — a spatter — you may form — chemical vapor growth (CVD) — you may 
form by law. In forming the record gap layer 17 which consists of alumina film with a CVD method, as an ingredient 
it uses trimethylaluminum (aluminum3 (CH3)) and H2C If a CVD method is used, it will become it is thin, and is 
precise and possible to form few record gap layers 1 7 of a pinhole. 

[0055] Next in the part on connection partial layer 10c of the lower magnetic pole layer 10, and the part on 
connection 1 3a of the thin film coil 1 3, the record gap layer 1 7 and an insulating layer 1 6 are etched partially, and a 
contact hole is formed. 

[0056] Next as shown in drawing 6 , while applying to the part on connection partial layer 10c of the lower magnetic 
pole layer 10 from the air bearing side 30 and forming the up magnetic pole layer 18 on the record gap layer 17 at 
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the thickness of 2.0-3.0 micrometers, the lead layer 19 is formed in the thickness of 3-4 M™**™*^** m3y 
connect with connection 13a of the thin film coil 13. The up magnetic pole layer 18 .s connected to connection 

Sol?! ^^^^^^ of the weight). NiFe (nicke«:45 % of the weigh, Fe^55 % ofthe 

insulator layer of an inorganic system, and magnetic layers, such as a permalloy, on top of many layers for the up 

maonetic Dole laver 18 because of an improvement of a RF property. 

K?N.* in £ oiroumferenoe of the m.gnotJo pole part Pf .he up magneUo pole 

17 is alt.mati.ply etohod by dry etching by pah* the up ntagneuc pol. lay.r 1 8 a _s ^* "^^ST 

»!_ir?^ 

E**."rtha. is parried Put to tba whole, and the pad for electrodes wh,<* mj, not £^ - tomjd^ 
on it Fins IKr polish processing of the slider containing aboyo-menhoned each c ass .s performed. thsa. ^ejnr« side 
30 %7mSk .film Luetic head pontoWr* e recording head and the ..producing head ,a fom»d, and the the, fh. 

K Th^roSCd is aC^so L «» MR component 5 and ,h. part by *. side of the air bearing 
5?. M may ZZZZ both aides A. MR opponent 5. and H has the lower shi.ld.tg layer 3 and fh. up 

^^Zll^t^Z'TSZ u'p magnetic pole layer ,8 whioh «_* * hj^grh-*. 
ih. magnetic pel. pert whiph the recording head of aeoh other is connected magically and oount.rs the mr 

tTo^Z ofZ^ns U \aL to two magnetic pole layers 10 and 18 between these two magnetic pole layers 10 

[0065] One field (top face) adjoins the record gap layer 17. it connects with the field (inferior surface °' tongue) of 
another s"ae of ma^etic pole partial layer 10a containing the magnetic pole part in the lower magnefc pole layer ia 

fayer 18 consists of one layer which has the part which specifies the width of recording track 
[0066 Moreover, as shown in drawin g 7 . an end is arranged in the air bearing side 30 ,m* ImjjJ* P* JJ*- 
laver 10a in the lower magnetic pole layer 10 contains the 2nd part ten a2 .nto wh.ch the air beanng side 30 .s 
a^ange £ sTde. and has larger width of face than recording ^J™«J~^^*^ 

part ten al which has width of face at least with a part equal to recording track w,dth of face, and the 1 st part ten 

[00671 The up magnetic pole layer 18 has the 1st partial 18A arranged sequentially from the air bearing side 30i side. 
^.SlSS 3rd partial 18C. The width efface of 1st partial 18A is equal to J*"^**!^ * . 
See the S. of face of 2nd partial 18B is larger than the width of face of 1st partial 18A. «"d the Width , jf face of 
3rd parSaM 8C is larger than the width of face of 2nd partial 1 8B. Therefore the width of face of 3rd partial 1 8C 

iSS^r^£!'- l5 £ »^5SSU^ Po, Parcel layer 10a of the lower magnetic 
ISTuvar 10 The thin film coil 13 is covered with a photoresist layer 14 and the owl insulation layer 15. and 
SfiJ ^ ^Ciace ofte coi? insulation layer 15 is carried out wrth the top face of magnetic pole partial .ayer 

T00691 As explained above with the gestalt of this operation, the lower magnetic pole layer 10 has magnetic pole 
S £m£ andVXartia. layer 10b. Therefore, according to the gestalt of this operation, ft becomes poss,b.e_ 
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to form minutely magnetic pole partial layer 10a containing a magnetic pole part with a sufficient precision. 
Moreover, with the gestalt of this operation, the thin film coil 1 3 is arranged to the side of magnetic pole partial layer 
10a of the lower magnetic pole layer 10, flattening of the top face of the wrap coil insulation layer 15 is carried out 
for the thin film coil 13 with the top face of magnetic pole partial layer 10a of the lower magnetic pole layer 10, and 
the up magnetic pole layer 18 is formed through an insulating layer 16 and the record gap layer 17 on this field by 
which flattening was carried out. Therefore, according to the gestalt of this operation, it becomes possible to form 
minutely the up magnetic pole layer 18 which can form evenly or evenly the up magnetic pole layer 18 which 
consists of one layer in the near condition, consequently contains a magnetic pole part with a sufficient precision. 
[0070] Moreover, with the gestalt of this operation, the edge by the side of the air bearing side 30 of York partial 
layer 10b of the lower magnetic pole layer 10 is arranged in the location distant from the air bearing side 30. 
Therefore, when the width of face of the magnetic pole part of the up magnetic pole layer 1 8 and the width of face 
of the magnetic pole part of the lower magnetic pole layer 1 0 in the air bearing side 30 are made equal with the 
gestalt of this operation, What is necessary is not to be about three layers of magnetic pole partial layer 10a of the 
up magnetic pole layer 18 and a lower magnetic pole layer, and York partial layer 10b, and to make equal width of 
face of a magnetic pole part only about two layers of the up magnetic pole layer 18 and magnetic pole partial layer 
10a. Therefore, according to the gestalt of this operation, it can perform making equal width of face of the magnetic 
pole part of the up magnetic pole layer 1 8, and width of face of the magnetic pole part of the lower magnetic pole 
layer 10 with an easily and sufficient precision. 

[0071] According to the gestalt of this operation from the above thing, it becomes possible to form the magnetic 
pole part of a recording head (induction type electromagnetism sensing element) with a sufficient precision. 
[0072] Moreover, since the edge by the side of the air bearing side 30 of York partial layer 10b has been arranged in 
the location distant from the air bearing side 30 according to the gestalt of this operation, the writing of the data to 
fields other than the field which should be recorded, i.e., a side light, can be prevented. 

[0073] By the way, by the compound-die thin film magnetic head of structure by which the lower magnetic pole 
layer of a recording head served as the up shielding layer of the reproducing head, the trouble that a noise occurred 
or fluctuation of a regenerative signal became large was in the regenerative signal in the reproducing head 
immediately after the record actuation in a recording head conventionally. It is thought that one of the cause of the 
is the remnant magnetism generated in a recording head side with record actuation of a recording head and its 
fluctuation. 

[0074] On the other hand, with the gestalt of this operation, while separating the up shielding layer 8 of the 
reproducing head, and the lower magnetic pole layer 1 0 of a recording head, the insulator layer 9 is arranged among 
these. Thereby, the effect to the MR component 5 of the remnant magnetism generated in a recording head side 
can be reduced. Furthermore, with the gestalt of this operation, since the edge by the side of the air bearing side 30 
of York partial layer 10b of the lower magnetic pole layer 10 is arranged in the location distant from the air bearing 
side 30 and the insulating layer 1 1 is arranged into the part from the edge by the side of the air bearing side 30 of 
York partial layer 10b to the air bearing side 30, between the magnetic pole part of a recording head and the MR 
components 5 of the reproducing head is magnetically separable with an insulating layer 1 1 . Consequently, according 
to the gestalt of this operation, the effect to the MR component 5 of the remnant magnetism generated in a 
recording head side can be further reduced by the insulating layer 11. Therefore, according to the gestalt of this 
operation, the noise and fluctuation which originate in record actuation of a recording head and are generated in the 
regenerative signal in the reproducing head can be reduced. 

[0075] Moreover, with the gestalt of this operation, the thin film coil 13 is arranged to the side of magnetic pole 
partial layer 10a of the lower magnetic pole layer 10, and rt forms on the flat .insulator \§Yfr^^J}?9T^[9j-^999r^\PMj 
to the gestalt of this operation, it becomes possible to form the thin film coil 1 3 with a sufficient precision minutely. 
Moreover, according to the gestalt of this operation, the edge of the thin film coil 13 can be arranged near the edge 
of the opposite side in the air bearing side 30 of magnetic pole partial layer 1 0a. According to the gestalt of this 
operation from these things, compared with the former, it becomes reducible [ magnetic-path length ]. Furthermore, 
it can prevent that the magnetomotive force generated with the thin film coil 1 3 is saturated on the way, and the 
magnetomotive force generated with the thin film coil 13 can be efficiently used for record. Therefore, according to 
the gestalt of this operation, it becomes possible to offer the thin film magnetic head which was excellent in the 
over-writing property which are the high frequency property of a recording head, a nonlinear transition shift (Non- 
linear Transition ShiffcNLTS), and a property in the case of carrying out overwrite. 

[0076] Moreover, with the gestalt of this operation, the thin film coil 13 is arranged to the side of magnetic pole 
partial layer 10a of the lower magnetic pole layer 10, and flattening of the top face of the wrap coil insulation layer 
15 is carried out for the thin film coil 13 with the top face of magnetic pole partial layer 10a. Therefore, according to 
the gestalt of this operation, it becomes possible to form the layer which adjoins the coil insulation layer 15 with a 
sufficient precision. 

[0077] Moreover, with the gestalt of this operation, since the thin film coil 13 has been arranged to the side of 
magnetic pole partial layer 1 0a of the lower magnetic pole layer 1 0, the up magnetic pole layer 1 8 can consist of one 
almost flat layer. Therefore, according to the gestalt of this operation, a man day can be reduced compared with the 
case where an up magnetic pole layer is constituted from two or more layers. 

[0078] With reference to [the gestalt of the 2nd operation], next drawing 8 , the thin film magnetic head concerning 
the gestalt of operation of the 2nd of this invention and its manufacture approach are explained. Drawing 8 shows 
the configuration of the thin film magnetic head concerning the gestalt of this operation, (a) shows a cross section 
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perpendicular to an air bearing side, and (b) shows the oross section parallel to the air bearing side of a magnetic 

Swffwith the gestalt of this operation, as shown in d™ing_8 (b). the width of face of the up magnetic po\e layer 

8 ano the width of face of magnetic pole partial layer 10a in the air bearing side 30 are ^JSSTlO. 
whole thickness direction. Thus, the approach of etching the record gap layer 17 and magnet.c ^' e P^.al layer 10a 
bv usine the up magnetic pole layer 18 as a mask as an approach of mak.ng both width of face equal may be used. 
andTe%Coa P cro^thing the'up magnetic pole layer 18. the record gap layer 17. and magneto pole partial layer 
10a by using as a mask the mask layer formed on the up magnetic pole layer 18 may be used. As the <*ch.ng 
approach RlE is used, for example. Moreover, a mask layer forms the metal layer by which patterning was earned 
o^ on for example, an alumina layer, and is formed by etching an alumina layer by RIE by us.ng this metal layer as a 

So80] Moreover, you may make it etch magnetic pole partial layer 10a of the up -agn^c p°le ^8 *e record 
gap layer 17. and the lower magnetic pole layer 10 by the focused ,on beam in the ge s ^ l \ of ^f a e r ^'° e n same as 
[0081] | The configuration of others in the gestalt of this operation, an operation, and effectiveness are the same as 

K^SE£I limited to the gestart of each above-mentioned ™* r ^^?™^-Z 
is oossible for it the gestalt of each above-mentioned implementation for example. — a base s.de reading MK 
component of business^ ~ forming - the induction type for writing to a it top - electromagnets - arthough the 
Zfi°m magnetic head of the structure which carried out the laminating of the sensing element was explained, it ,s 

may be formed and MR component for reading may be formed on rt. Such structure ,s readable by forming m a base 
Sde by ZZ as a lower magnetic pole layer the magnetic film which has the function of the up magnetic pole flayer 
shown in the gestalt of the above-mentioned implementation for example, and forming the magneticfilm which has 
SeZ^ oTtlS lower magnetic pole layer it was indicated to the gestalt of the above-mentioned .mp.ementation 
that countered it as an up magnetic pole layer through the record gap film. 

SSM I Moreover. ttis invention^- an induction type - electromagnetic - the thin film magnetic head • WP- 
only with the sensing element only for records, and an induction type - electromagnets - rt is appl.cable also to 
the thin film magnetic head which performs record and playback by the sensing element 

[Effect of the Invention] As explained above, according to the manufacture approach of the thin film magnetic head 
ac!ording To c En 1 to 4 or the thin film magnetic head according to claim 5 to 8 Since the 1st magnetic layer has a 
magnetic pole partial layer and a York partial layer and the edge by the side of the med.urr, opposed ^ce of a York 
oaS layer is arranged in the location distant from the medium opposed face, rt is possible to form the magnetic 
ITHZ .aye! "f Se 1 st magnetic layer with a sufficient precision. Moreover, according to this = « e 
some thin film coils [ at least ] are arranged in the side of a magnet.c pole partial layer, the 2 ^™& eti °}* V n e ' 
S conslsTs of one layer can be formed in the near condition evenly or evenly, according ^ s '^^° m 
Jhese things - an induction type - electromagnets - the effectiveness of becom.ng possible to form the 
maietic pole part of a sensing element with a sufficient precision is done so. Moreover, since the edge by the srde 
ofX me^um opposed face of a York partial layer is arranged in the ^^^^^^^^^T 
according to this invention, the effectiveness that the writing of the data to fields other than the field wh.ch should 
be recorded can be prevented is done so. . , - 

[u086] Moreover, since the coil insulation layer to which some thin film coils [ at least ] arranged in the side ^of a 
magnet pole partial layer were covered, and flattening of the field by the side of a gap ""^V** 1 
IhJfield by the side of the gap layer in a magnetic pole partial layer was prepared according to the manufacture 
rooroach of the thin film magnetic head according to claim 4 or the thin film magnetic head according to cla,m 8. the 
XcSvenfss of becoming possible to form the layer which adjoins a coil insu.ation layer with a sufficient precision 



is done so. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining one process in the manufacture approach of the thin film magnetic 

head concerning the gestalt of operation of the 1 st of this invention. 

[Drawing 2] It is a sectional view for explaining the process following drawing 1 . 

[Drawing 3] It is a sectional view for explaining the process following drawing 2 . 

[Drawing 4] It is a sectional view for explaining the process following drawing 3 . 

[Dr aw ing 5] It is a sectional view for explaining the process following drawing 4 . 

[Drawing 6] It is the sectional view of the thin film magnetic head concerning the gestalt of operation of the 1 st of 
this invention. 

[Drawing 7] It is the perspective view in which it is shown near the magnetic pole parts of the lower magnetic pole 
layer in the thin film magnetic head concerning the gestalt of operation of the 1 st of this invention, and an up 
magnetic pole layer. 

[Drawing 8] It is the sectional view of the thin film magnetic head concerning the gestalt of operation of the 2nd of 
this invention. 

[Drawing 9] It is a sectional view for explaining one process in the manufacture approach of the conventional thin 
film magnetic head. 

[Drawing 10] It is a sectional view for explaining the process following drawing 9 . 
[Drawing 11] It is a sectional view for explaining the process following drawing 10 . 
[Drawing 1 2] It is a sectional view for explaining the process following drawing 1 1 . 
[Drawing 1 3] It is the top view of the conventional magnetic head. 
[Description of Notations] 

1 — substrate, 2 — insulating layer, and 3 — a lower shielding layer, a 5 — MR component, a 8 — up shielding layer, 
and 9 — an insulator layer, a 10 — lower magnetic pole layer, a 10a — magnetic pole partial layer, and 10b — a York 
• partial layer, 1 1 — insulating layer, 1 3 — thin film coil, and 15 — a coil insulation layer, 16 — insulating layer, 17 — 
record gap layer, and 18 — an up magnetic pole layer, 20 — overcoat layer, and 30 — air bearing side. 
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DRAWINGS 




[Drawing 2] 




[Drawing 3] 




[Drawing 4] 
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[Drawing 5] 




[Drawing 10] 
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(a) (b) 




[Drawing 1 1] 
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[Drawing 1 2] 
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5 ld®|^e&5ut^itt5»l«Ay H© 

ton. 

£, ffiESB 1 ©SB#<fc D feJ*M*:»|Rl® t ttR»«CE« 
Stt, h^^fl.kDfc*^*!**-^^©!^*: 
£#tr£<h£^£T£tt*^5E«<©i¥l8lffi&a / \-;' H 
©8Si£#*£. 

\z¥-iB<fr£nrc=i -f ;HHSi&S $r^-r £Xg£ffi Afc c 
£ £!f#® £-f -5>tt*S 5 b 7 ©m* *l7W£ESc©# 

mwammtzwiw] 

[0 0 0 1] 
[0 0 0 2] 

[^5t5©S^] ifi¥. A-Hf>fXi'SI«)IESS* 
©lS]±(C#oT, IIB^Ay H©tttg[6J±^**e>tl 

«^g|*^«:*"r-5>E^'\>y H£»t^aibffl©m*S 
(£AT> MR (Magneto-resistive) tfeEt". ) ^ 

[0 0 0 3] i'^T, E»^y h*©ttlg©^^> m» 

ft^-c^©±T^c^$t^fcTaBm^^J;^±Sl5^ss© 

^-fe*T?»< bfd&h7>y^l?li£©E&^ H«r*S-r 
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[0 0 0 4] d^T, 09&Hb01 2*#HP,bT, fi£ 

fe, 09^U@l 2\Z$>^T. (a) UI7^7U> 
yffitcSia&l9r®*jSb, (b) «MS&#©x7^r 
U >^®£¥fT&»rffi*^bT^-5. 
CO 0 0 5] £©§Jit#8rett, £-f> 0 9 IC:*; bfc«fc 
HAtfTJP'TVy^ (Al 2 03-TiC) <fcD& 
0 lW±tC. ^JAtiT;P5^- (A I2O3) ±D 

^iiiio2&. *«}5~i 0 ummm<Dm^--cmm 
-rs. ^ic tmmi 0 2o±\z. m&mmjzKiuzm 

Hffl©Tffi->— ;uhs 103 zmtfrrz. 
[0006] &ic, T!B~>— ;wf«i 0 3<d±\z, mx 

«TJW=^-Srl 0 0~2 0 0 nmnmWZXAy 

3. ^tc, Tm2s-nr\*#*<y7mi 0 4<d±ic, mr 
1 0 5 t«^e«)tc^^n^)-jt*©*se 1 0 6 * 

[0 0 0 7] TSB->-^K=^-y:/l!Il 0 4*3«t 

yMRff 1 0 5(D±\Z. *S»JlibTCD_hgB>'— 
^ty^ll 0 7*Jgf£b, MRifl0 5^>-^H 

^7^104, 1 0 7^(ca^-r?)o 

[0 0 0 8] ^{C> ±&is—)V K^-v <;/ :/BS 107 <D± 
\Z. 6 fcD, Sffe^y HtE»"^y HO350S? 

ae«ttB-ro ) io8*> ®3 iim<Dm?>-izmf&-r 

[0009] &tc, ei otc^bfccfc-pfc. y&mmm 
io8«±tc. mmm, mx.tey)i<5.-)-m&K>fc2>mm 

*ty^I10 9S0. 2-/ini0>J(»i£JMtt=«. ^ 
K, &8&^fig<Dfcse>{c:, Efc^ir 7^110 9 *g&#W 
{CXy^>ybT, h^-;H 0 9 aSr^fi£T 

fiS@SC^t*3ttSie&^+-y^"® 1 0 9<D_h 

10*, 0. 5~1. 0Mm(D^tC^T^o Z\0£ 
&mmz. W$&M&<Dtztb<DU>? 9 hifc-;H 0 9a 

<D±iz. ®.®mf&c>tztt)<DM&Mm^ti.z>m&m 1 1 

9 

[0 0 10] 01 1 tC*Lfc<t^fC, igfl&S? 1 

v~?\ 1 0*VXi7<>:bT, -f^">5 D ^ICkoT, 
iB&^Y->^l 0 9 tTSPm@«l 0 8*l7f>^ 
011 (b) iZ^VTz^oiZ. ±&ffi.M&tt (± 

aw*?? 71 10), tm*w7mi 0 9*5«tz/T 
tMBMi 0 8<D-&o>&wm*mmz&-E.m'&mz]& 
fcznrzffimz. mja (Trim) mmtmtnz. 
[0011] &tc, ±miz, Mx.ttTfrs.j-^otsiZ 
mmm 1 1.1*, ^3Mm©jp*.fc^-r^. &ic, c 
«n 1 1*, ±«B«^yyi 1 o&zzm&m 



1 1 9©s®tcM^i-effSbT¥a{b-ri>. 
[0012] x.\z. w-Mitznfcmmm 1 1 1 «±tc, 

«*.tf«H (Cu) ctD^^SI^M^fe^^ KfflWH 
ilo»ln-f;n 1 2*iM&T-5. iMc. jfi&Jii 1 
1 *5j;tfrK;H 1 2<D±\Z. 7*M/^XM113. 

11 1 3©«®*¥«{c-r^fe*tcBiT^»iaKTi»iS!is 

TS. X.IZ. 7* Nl/^XMl 1 3WJt{r, %2gg 

Jf 1 1 SiSitfn-OH 1 4±(C, 7* hl/vX hjf 1 
15*, ^©A** — >\ZMf&tZ> 0 friz, -y*YV~J 

[0 0 13] K\Z. 01 2tC5f;b£: t i:5tC, ig&fiS^ 
-V^110> 7tN^XMll3, 1 1 5&\kzm 

-vo-f«fcO^S±SB®ffiHl 1 6*JgjE£-r3. 
±SNK««1 1 6<D±\Z. MZ.\i7)V5.T£K)UZ>*- 

1 7*^-3-3. mmz. tm&m&s 

<w Ftttsmmm^v hwzt^tu >^® 1 1 8 
*^bx, MHOf*^? p«%dtr«. 
[0014] 013 «, 012 iz^vtzmmm^v h 

[0 0 1 5] 01 2 (a) (C^t^T, THte, XP— h 
A-fh*^b, MR-Htt, MR/WH^ITH5. 
ft:*, xn-h/Whtlt 2 0©m«B^te^^-y 
ye*^bT^rpJ-r^^«), l7^7'J>^Iffl©SS 
gM^K#<M©^g&£T(DS£ (i^^) *^^. 
MRMht(t-MR SffflX7 ^7'J > ^® ffid<75^ggB 
^6»S^{U©«gP*T<DS$ *^5. Sfc, 0 

12 (b) k*s<^t, P2wii mm^Tut>^>mmh 
^^^*s**bTv^-5. i«A7H©tti^^r 

-5S0«tbT. XP— h/W h^>MRA-f h^FOfiSlt, 
012 (a) K:fctvr0T^bfc£-5&X-f^>y57X7 
>^;P (Apex Angle) ^Ol-f^'^X7> 
20Hi, 7* hkv'XhBl 1 3, 1 1 5 -cmt>t\T\ll 
mz& r> JiTjto tzZTfJimft (JWT, x-f^y^^«t 

SI 1 l<A±®<h<D&T£&*^5. 
[0 0 16] 

[56BJ^»lb<t3tT-5gS^] NtMSA^y HOtttt 
*r6]±^-&^>^tt, 01 2tc*bfe«t'5ft:XP— h/W 
h TH, MR/WhMR-H. X-f^^irXT>^0 
*5±t^IB^ h 5 y ftSP 2 W*iE?» tCP^T^ CtM 

[0 0 17] ifi^i, iSffi^l5@t*^Hg<h-r^ 
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[0 0 18] Z. mmttz&ote* X<^-y^XgB 

[0019] tc5t> ±^mmm^B^,r^mth 

M7L\Z, - 2 6 2 5 1 9 ^SStCiSStX 

(071/-A ^^-T^. ^UT« 

[0 0 2 0] t^lW. X-f^y^X85t<B<D^t1? 
«u 7~1 0 MmBLt©&{g;M#&5. £©x-f 

^•y^XSUif::. 7*hl/vXh£3~4£im©J?^T- 

ft[S3 ^mJWi^T^Sfr^i:, Sit!JittcC)fe^7* 
bl^XMaffiV^KS^SCi^'E). X-f^-yS'XgB 
©TTrCH. ^fc*8~l 0 Mm£Ui©JS#-©:7* 

v>X hit38«»J«Sn*. 
[0 0 2 1] Ji^(DJ;3JC-9-7'5^D>^©IS&h7 
•y^i|i^^-rsir«. 7* hl/^XhfflKci^T-tf-:/ 
5 ^ a >^ti£©i|I© 7 A/1 ^ — > £^fi£T2>i&K* 1 
t£oT> X-f^>y^XSP±T, 8~10(iraPi± 
©^©fcS^bl^XhBIKio-r, V7S.9U> 

^m<Dm&w^i?->&tefcvurtnvs.t3.*>is.^° tz 

£©J;5&#^lBUW£>7* hl^X h/^->£ 

[0 0 2 2] Lfrfc. 7*bUVy77-f©85»C. 
C©5S*7tlCJ:oTfe7*M/v J Xh*^7tUT, 7* 

hi^xb/^->©<^n^£b\ ^—yaosE 

[0 0 2 3] Z.O)£o\Z, «««3J»-y-^5^n 
>^-«lc;&5<t. ±W8ffl«*»0E«fc 

[0 0 2 4] i©*?^^^ _kj£©«£*0iJ©0 1 
2G)X@'C ; fc^bfc«fc3(C, £»AyHO 
^h^»y^©^C*rS!)^-hSSm^->7 p l 1 0tcJ:o 
T. 1- 0(imPJiTOh7-^(B«tfcS> -»-b 

mmmi 1 6£j&ffc-r5#i£*>Sffl£nT^2. raws 

62-2 45 509^«, tfPJBg 6 0 - 1 0 4 0 9 



ffy^l l 0i3-^»»tW±Iiiil 1 6t 

\zftmtz>z\t\z£K>. mmh7v?Q&&&i£irz>±. : ® 
mm^yy'i 10$, mm^r-yfmi 0 9©-L©¥fi 

[0 0 2 5] Sfc, ^¥6-3 144 1 3^&*8tC 
Hi: a—PfflfttUZmV) 2 O^TPfiKbfcitK^ 

[0026] vfrvt3.tf?>. mi 2 izTxistzmmmn.^ 

?KfciJVVC*K <ftffl¥-6-3 1 4 4 1 3*t&$8lClI8^ 
©5^Bttx7^7U>^iBK:SfcHbT^S. ^©fc 

[0 0 2 7] *fc, #i¥6-3 144 1 3#^«lCg3 

mmmo 2 o©n trwrnrnmo 2 mm^m 4 -?© 

fcWllA^K 5 1£ 4 -p©«£0firf 

fc^lc, &&ffi#c:fcfrt-54'z>©JI©tBat^L<&£><k 
[0 0 2 8] #H©»*«ft*lr>TftJI 

J: 5 iz&m*i&mTz>Ji&-c 

&B©a®^©^ ; R*»S<t<^^« B.O&g©fiS 
[0 0 2 9] Sfe, 4^<0lS-JSl/TI»yf>W 

^>©)i©«8«S6^©^*»«<fc < fc«-rs - t^itb 

[0 0 3 0] £fc> «e*©»W»a^y HTftt, ISISft 
(Yoke Length) £®<^£-£^HfitT&& 

-f;Vt!-v9 1 S:K0i^</h^< bTHotl^, XD— h 
/W h-t'P&S (XP— h/W h^ft^TSJfi^SWX 
7^7'J>^Hffl©a»fi[f) ^e,3-Y;w©n^®* 

t.i3.^xyrc. m^mit, i«©p-r;WctD«2H©n 
-r ;v©7j* ? @<x^^ctA^> #<©i^jiffi[ffl©fes 
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(D^-H«<75X^^>y^T^-r. 
[0 0 3 1] SE^T, n-f ;ke>Jp^<£2~3 n 

mtU 3-f^ite^<DJP*-Sr2 /imiU X-f^-y 
^X7>y'M4 5' ~5 5° i-T^t, fiBg&StLT 

3~4/xm©^gto2fs i±^mmmti : ^mmmtoy 

&&. ) ©6~8 tfm*^^t?S^. c©n-r;i/fc^ 

[0 0 3 2] ^IT, 0J;U;f, Zl^AOm^ifil. 2 n 
itk X^-X^O. 8 «m01 1 2 JlT?^ 

-r5»££#*.£. d<D»£\ 01 2tC^L-fccfc'5t^ 
ljfg£6#, 2SS*5#i-rSi:, SB8Sfi©5*>, 
ili©3^;n l 2\z*im-rz>&ft<Dm2tei 1. 2 
(tmt*5. l88&ft(C«:, ZttiZtiaz., imS<D=t-()l 
1 1 2©51-J1^J;^|*3^S8J;D, lUgcon-OH 1 
2$:itett5fc6CD7* h^XMl 1 3©««*Tr 
(D^BtLT, •&m-6~8Aim<Dft$^StC^^>o 
oT. ®?&Sttl7. 2~19. 2(imtS;5. 

27. 2~2 9. 2(/mi)i5. &*5, ^ttSW^WU-fiB 
SSg£, 01 2tC^^T^L 0 -C^L.fcJ;-5tC. 

too33] *mw\i.frfrz>mmmz&?>--i:t£2titzh 

«g^mn©Mit'NOx-5'«>S^ji«-*g6iI:-r^ £ 

[0034] *^Bjcom2<o@wfa. JiEmi©ew(c 

[0 0 3 5] 



&?&2<Dmtiimt. $&i<Dm&m<Dmm&ftt'%2<Dm 
&m<z>mmi$ft tvmiznii ztitt* y /'it, 
<£<b-®tfmi&£&m2<Dm&m<Dffl\z. mi&£ 

m^-i )vb.*ffi7L.TzMwm%^.v Hti&oi, ?gi ©a 
fe^tt, -jj<Dw&*Yvzrmizmmv. mi<DM&m 
iz&ttz>mm&ft*'s;tsmmi$ftm£. mm&ftmom 
jjomizmffizn. mi<Dm^.m\z^^3-^^t 

mnffimzmimftffifrzmtirc&mzms-sn. mm 
n-f )KD>>13.< t %-t&\*mmi$ftm<z>mi]izmmis 

[0036] ^mwcDmrnm^-y Hosis^i*, ie 

n, m&ttfaWMiz&^Tnwzzi[Zi}-?2>&.M&ft&-£ 
^ ^-n-^n^te < 1 *> i ~d om&stsmi * <ttf?g 2 

comtt^t, Sgi©&teB©®«^#£??S2©SH4JIcD 

-&&mi&&wm2(Dmtem<Dffl\z. mu$£zfm2 

si©«ttUMt5igt. mi<z>m&mo±\z* 

tta&^js-r^xgt, ^<tfe-gi5^mi*«j;^m 
2<Dm&m(»miz. z.<Dmi&&zfm2<Dmtem\zttv 
Ttmt<nrzttm-z&>w2tiz>jzoiz. mmi-o^w 

-xomtfXwzfmizm&v. mi<»miitmiz&tf% 
mm.&ftz^tsmm&ftmi:. mm^m<D{&^<Dmiz 
ttttan. mi wmttBtcfettsa-^gs^i^^a- 

[0 0 3 7] *9EH®IViaKft'\? H*fe«^-©K)g* 

ttmv>mjj\zmwznz><r>-e. i-z>(Dmfr*>tiz>m2<n 

&<tef$rrz>z\k.imW l zl3.Z>. *5gBJ-e{i. 3 

- ^ ss^s ©«e*misi® <Bi©«get4^^i6]ffi*^ Bin 

[0 0 3 8] *5fiWO»iBi«'\y KSfctt^WSiS* 
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[0 0 3 9] £fc, *369l©*«*«^v F 

[0 040] £fc> *^Bj©^a^>y FSfctt:^© 
n-f »>©/>&< ifc-S&Sra^ 

[0 0 4 1] 

T, *3m<»% 1 ©^©»ttfc#**ra8» A ^ FiJ 

061C*3^T> (a) teXT^T 'J >^ffitc*ifi&»rffi 
£*b, (b) tem®SI$#©x7^7<J>^®K¥fTft 

[0 0 4 2] *?lffi©fiC#5»l«a / \7 F©l3ii 

(A 1 203 -T1C) ±9&£S&1 C0±tC, #J*. 
«T;i/S^ (AI2O3) .fcO&Sl&gtlf 2£> urn 

mXV3.n--?w( &K>ti.Z>n$L'^v HIOT»'>-*H 
13^, &3 nm<DmWzmf&?2>. T«S'-;VFJi3 

&(cj;ot, «e^B2©±cs^wtc^-r^. 

^J^ti7^5^-cJ;D^S^S3 14, 
T. CMP <tlBT. ) tctoT. T»->-^H)i3*«» 

[0 0 4 3] '£\Z. T§l5v-;VH«3©±(C, 
b-COT»5/-^H=¥ry^«4S, «*.tf»2 0~4 
0 nm<DBMzmi&'?Z>. WZ. T»i'-^H*lr9'7 r 
^4»±(C, ff^fflGDMRiit^ 5£, ^C+nm(DJ»*C 

T€-5o TSfcv— ;H !: fty7'i4ffl±l:, MR 

^fv^l7*. W^.ti^2 0~4 0 nmOmWzMfS. 



s<> , > _-;l /l i^^> y -/^4, 7CffifflT£*e»*t**£b 

(DLC) *fc. ->-JH«*+y 

^BI4, 7tt, X/^y^&tCJcoTffiJjifcbTfe.fc^U 
fb##)5tt§l&ft (CVD) ^(CioT^bTfe.fc^. 
7;V5^R«kD»:S->-;H 4 =?^v^Bl4, 7£CVD 
85K«fcoT#J*"r*»£fctt. «^tbTtt^J^«h'J 
^f;V7Jl/5-'?i> (Al (CH3) 3) &£VM 2 0$: 

— ;W©^^->— iPF^-v^^4, 7^MT5Ct 

[0 0 4 4] WiZ. ±«5^-JWH*iry^il7 0±C. 

±g&v—JWFJI8£> 0 umfflflL^TT. 

«*-«7;i'3:J-<fcD&* 
^g.f3 2%. 2 ~ 3 um«>ff*fcJ&J*b, 0<J;U£C 

[0 0 4 5] W.Z. -tUi/—)V F H 8 fcimfe^H 3 2 
©_tlC, Sife'Vy FtSB&^y Hfc*fiS»Wt-^^"* 

0. 1~0. 2 /zm<E>J»#-(CJl£j3fet"&. 

[0046] ^ctc, 02c^bfcj;5ic> mmm9<»± 
\z, M&ttmz^x. mm^y Fffi©TSW8SJi 1 0 

tfl. 0~1. 5<tm©J?*T. & 
^ TgB®&®l0tt. J1<D3-^B6»B1 Obi, « 

sE-rsjK«»»e 1 0 &&xtp&m&m 1 0 c tx-m 

f&ZtlZ. 3-^SU^Sl 0 bWX7^7'J>:?i5 3 0 

[0 0 4 7] 3-^gB#Jll Obll NiFe (N i : 
8 0*»%, Fe : 2 0li%) WfiftSS***** 
^tf^^N i Fe (N i : 4 5S»%, F e : 5 5fi» 
%) j6-p^S(C<i:oT^bTt)J:^b. SS 

ffi?P^^a^'e*^ F e N, F e Z r N^<D«^4 

[0 0 4 8] mz. ±mz. m7L&7K^-r&r>-t3.z>& 
mm*. ^j2~3 iimomwz&f&v. m^icup\z 

^H^^s^tsaa-r^. utiwo, S2tc^bfc«j:3 

tc, a-^^H 1 0 bCDX7'<7 , J>^B3 0ffl0)S 

[0 04 9] 03^bfci3tc, S6tini 
3— ^»»]i 1 ObW-htCTSftMl 1 0 
10aWT5i*l:. 3-^gg»glOb<0±lC^ 
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m»»m i o c *m&.tz. mm&%m loan tsb 
««b i o iz&nzmmt&ftZ'Sts. mm&ftm 1 o c 

So mmmftm 1 o a <hfg^g&#ji ioc m 

Atfl. 0~1. 5izm<h-f£. 
[0 0 5 0] TggSSSUl 0©aMa5»Sl O a;fcj;tf 
lOcli N i F e (N i : 8 O Sft%, F 
e : 2 011%) iiStaftHS*:^S#^Tfe-5N i F 
e (N i : 4 5M»%, F e : 5 5*»%) 
fe^ffitCjcoT^bT&ck^U i«ta?nG££^S# 
&T&-5F eN, F e Z r N^GD$m£/fl<^> X/Vy^ 

tmt*5CoFe, Com^rX^ffl^T 

[0051] m4\zmistz&oiz±mz, mtlh 
T)vs.-)-j:r)tez>mmmi 2&. mo. 3~0. 5p.m 

OJ**lcX?j$?«. *ftg:§|l 2CD_t{C. -7V—K 

CSRtfO. 8~1. 0Mm©^JC^-rS. MR 

3 -on 3 kt. mwm>ttm 1 0 c£f'6(c:LT#tHi£n 

3 -on 3Statl.U-KIi 9 (cS^-ri.fcis6CD^ 

[0 0 5 2] mz. ±mz. 0j^H7MtiD&53 
•fJUMMU 5£. ^J3~4MmOjp*-T^t-S„ ifc 
tC, #|*.tfCMPC<fcoT\ TSB&SII 1 0 CDfi&Sggft- 

a 1 0 a&£ifmm&ftm 1 0 c*tgaiTssT, n-r 
;p«iii5W)iiT, mwzy-iBfcmm-rz. z\z\ 

n-r;n 3*^af-5J:-5fcbT ! fo e tt^ 
[0 0 5 3 ] 0 5 {C^bfcJ;^ tS,- XJ^T'J > 

^® 3 0 <k 0 i^(DSEI»f£tt8tft*:&B^ U 

[0054] ^tc. ±mz. $mtm£r)ts.z>tm** 

v7mi 7 mz.&0. 1~0. 15um©Jp?M£fl2 

§ag*^ v-zrm 1 7 jc&fflT*&i»*m<>: bx 
tt, -(ewe. t;U5^-, SMbTvi^^A. ->un> 

(DLC) 

117(1, X/1-v^ffifC«toT«fiKbTt>J:^b. ft^ 
WSWBJ&g (CVD) SICioT^UTfeiK 
5^IR<k9&&fE»**>;/:/fll 7 £C VDffcKioT 
^T-5«^-fC«. bTtttfllAtf h 'J ^^nOW 

(Al (CH 3 ) 3) *5<£tfH 2 0£ffl<A3. C 

[0055'] &tc» TSBmaa 1 0 <Dmm3tftm ioc 



©±©gB#<h}HBl3-OH 3<DjgiB^l 3 a©_tCDg&# 

[0 0 5 6] #CtC, 0 6{C^bfc«fc5tC, Gfrf-f?:/ 
g 1 7 (D±(Ci5^T. Z7^7U >^®3 0#>6TSBfiB 

iiio (Dmm&ftm ioc <D±ogitfH;;^«-T±g&& 

@S 1 0~3. 0 Mm(0^lc^)5g;-r-5 

MKn-OH 3(D^gBl 3 afc«i*S*i<5£ 
ptC'J— KBl 9^^.«3~4AtmCDJ»*-{C^-r 

-5. ±spmffig 1 8 n twbsji 1 0 (D&mnftm 1 
0 c tc&^stvs. 

[0 0 5 7] ±gpe®a 1811 N i F e (N i : 8 0 

mm%, Fe : 2 oit%) n$&tumM®&ttmx 

&£>N i Fe (N 1 : 4 511%, F e : 5 5fi»%) 

m*m^ it>-D^m\zi:-ox^vxh^L. m&fa 

»MfiT*I.FeN, F e Z r N«<Z>*m&ffi 

X/Vy^tCioTJBJfigbTfcJ:^. ^©ftfitcfc. i§S 
&fn&Jfc&S*}*re;fc5Co F e, Co«7^7 77. 

[0 0 5 8] ^fC, -hgea@Jl 1 8 ©SSffigB^O^iaiC 

>^fc<t0, ta^r-y^Bl 7^SJ?WJcx>y^>y 
T3o 'CDt^»K5'fx->5 1 >y(c«, BC 
12, C 1 2 f Ofitf ^X^f . CF4, SF ( *|07'^ 

1 8o^ffig6»©^iatc^T, ±aa»s)ii ssvx^ 

tCJcoT, TgPKffil 1 0 V>m.Mffiftm 1 0 a SrgiR&D 
(wi^JO. 3~0. 6tfm8*I 7 f>y't,T-,-B6- 
(b) K^bfcJ:5&h'Jivl»g<b-rS. C«h'JA« 

JK*i D tc =k 5 h 9 >v V *S©ii JU SBftih-T -5 £ t 

[0 0 5 9] ^(C, ««J^«T;i-5^-ctD^-5^ 

— ;s*— 3— hB2 0*, fisj^.«2 0~4 OtfmCD^lC 

mb, ^(D&w&w-mtvx. *<d±.\z. m^u^ 
«^trmnBA^y Kffli7^7'j >y ®3 o ^^b 

[0 0 6 0] 1711 *£tt<D»£ICtt£*nttft'S? 

Ktc^^sTgwssg 1 0 ^3«tt;±g5m@e 1 8 omm 

[0061] *mm<Di&w>x\z. r^mmm 1 o##fg 
wiciittsm i coeattstc^icb, ±SBa«gg i 8 

[0 0 6 2] h±stwLrz£otz. *.$zm<D]&miz&z> 
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[0 0 6 3] Bi'vyKlt MRlf X7^7'J 

[0 0 6 4] IBS^-y Htt, SV»JC««»KaitSSn» 
X7^7U >i/ffi3 OfiilK^TSWcStlSJTSlKBSB 
*n*tl^ft <ifel^©I Sr^OTS&fi&S 

0,18 ©fcaSfca-OIWKlRttfcn&E*** y 
17t, '>&<tt)-WCtl6 2O«HI10, 1 

sonic. 2o©isiio, 1 8fc**UTtt*3nfc 

[ 0 0 6 5 ] T&HBSili l ott. (-tffli) «*B 

7^117 K«»U TOBM l 0 lz&»zm. 

m&ft&'Stsfflg&ftm loai. m@%M*m i o ao 

<fi*0® CFffl) CWHSft. TfiHMM 1 0 (C*3lt« 
3— ^&&»-£&£3 — 9&ftm 1 ObtStUW*. 
3— PffiftMl 0 b©X7^7U>^I3 0#l©3S8Ctt 
X7^7U >^®3 0^6(ttlfcfi«K:E«anTlr» 
S„ 3— ir&ftMl 0b©X7^7U>^I3 OffiOOSg 
SA^X7^7 'J >^ffl 3 0 itoa^CH 1 
1 tfGB 3 tXT V» *. ±SBB«JI1 8 te> h7?fi* 

10 0 6 6] 07»C*Lfc«fc3t, TMIH 

o \z&tt%>mm&ftm ioait — sb^xt^t u >if 
&3 oizmmzn, ^u<t^>-^mmh^y^mz 

0 aiJ:D*>X7'<7»J>£> r ®3 0£ttE*MllKES3 

1 0 a2t*"&A/Tf^«). 

[0 0 6 7] ±.&mmm i 8 17^7 u >^S3 0 

«*»6liKEBanfc*10*»l 8 A, ft2 0tf&l 
8B*±r«B3©»»l 8C6#l/Tlf»4. SllOgflfr 
1 8 AOtSttSBS B»C»b <. 12 ©g&# 1 8 
BffljBH«lOi»18AO|J:0Wt<. Sg3©gB 
#1 8C©SttJB2iD8»l 8BOitDt**<fto 
TV»*. ff§3©Sfcfrl 8 CCilt I7A7 I J>^I3 

[0 0 6 8] *fc, fl3^;H3H TSiano 

;H3tt, 7t h ^ H l 4 ta-f MMM l B t 

mio a<D±mtmzw-&t^nx^^>. 
[oo6 9] &.±mmvrcJ:o\z. ^mmommx^t. . 
TSBmsn i o \tmmm»m 1 o ata-zi&ftm 1 o 
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-f ;H 3 H 1 0 <omS3»M 1 0 a ©fill* 

KBBU HRH'fM 3^S5a-YJViftll 5©± 
®£TS5fiB@Jil 0(DlIS^il 0 a©±®t*tc¥ 

sxsmbsb 1 8 s¥ssfctt¥atjat^SiTf^'r 

srt^tt- «MMi'**to±«Wili l 

[0 0 7 0] £7c> **«©»«T?tt. TSBmffiJf i o 
©3— ^gg^Ji 1 0 b©X7^T'J>yffi3 0<B9©S88K 

ttXT^TU >^ffl3 oa»6«nfcfi«icB«snT^ 

*. #gaB©#tBT?tt. X7^7U>y®3 

0 \z&vtz>±msMm i 8©m@S5^oiii:TOTffia 

1 o ©iias^oes^i/ < t ±swk@jii 8 
trmmm^mm^mi o a*.ttf3-**»Jii 

0 b©3^)©JltCO^T-ett^<, ±8Bfi£@Jf 1 8 tfiB 
@g5#Jf 1 0 ai©2-p©H©*lCO^Tffl£ffiBB#0*i 

JtSftKB 1 8©aSgS»OiHi:Tg6fia@)l 1 0©KI 

[0 0 7 1] K±OHt*6, #Hi6©fl2SSl£<fc*lfck 

[0072] **«o»«fc«kn«, 3-*SK# 
110b ©XT^T U 3 0 «0*«*XT^7 U 

[0073] t^5tr, iH&^y fotskksi 

0. f?^m^-©^ift*^^<^^«t<' i 5P5^* t *- ::> 
fc„ *©BH©-ott, h*©ia®»f^tc#-DT 

[0 0 7 4] Ctl£#U *3WI©»«Tlt. 

*%m?z>£Mz. z\n?><D?3\zm&.m9 : £mmvT^ 

**»©»J8Trti. TSBKHIB 1 ooa-z&ftm 1 o 
b ©X7^7 U 3 0 ttOJMR&xy^T' 'J 
3 0*6«nfclt«K:B11b. 3-^SB»a 1 0 b©X 
7^.7 U >ifM3 0fllOSSaPA^X7^7U >^S3 0 
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£j:OHitt«T*cfca*TS*. tot, *nmv>w 
mz^ms. cat's? KoeatftfpfceHL/TS^y 

[0 0 7 5] S-fc, **WO»»Ttt, *«a-f JH 3 

£~hhhm-i oomm^ftm i o a©«*fcE«u, 

«, mSg&;»-JI 1 0 aWIT^TU >^I3 0 i:\ZKtt 

m<D^<Di&<iz, »«n-f;n 3o»a5^E»r*ii 

ia-r;n 3T5g^bfcefiS^A^>t I -eiafp-r-5^<i:?r 

«fcft«. Eft's? F #*»F5>S>5' 
a »7h (Non-linear Transition Shift ; NLT 
S) *\ £fcft£?Stt&CDtttt-?&S:*--S't--7'f h 
^ttCD^tlfcWgm^'s? F£S&TS~ t#pJllg<h& 

[0 0 7 6] **SS©Jg|iTtt. 3 

*T%m.mm i o ©«affig&#ji i o a iciagu 

gfrfrg 1 0 a©±®<h;fc{c¥fi{t;bT^-5„ ^r<Dtctb. 

< m$.tz> z. ttmrnztts. 

[0 0 7 7] **Jfi»^ISTtt, iln^fJH 3 

£TSBm&)f 1 0 ©JKffiS$#Jl 1 0 a ©fid^KBBBbfc 
JiBBfiSffiJl 1 8 £tf 1 o©J!T«tfiS 

[0078] \_m2<vmm<Dmm] @8*#il 
mz%2>mmmm.'w F©«f££*u (a) ttxr^ 

TU>^B(c^ia^»T®^^L, (b) tefi&HS&ttOx 

[0 0 7 9] *HiS(OP^T{i, 08 (b) iZTpVtzk 
o\Z. X7'S7U>?*ffi3 OK&tfS-kgB&^Jil 8© 
*Staffi^Sl 0 a©iH£> M^rSlO^tCfcfco 
T^b< bfcfeCDT*^. £©.£5{Cpl3#©*I£«£b< 

*f ? ym 1 7 .hSHISfrfr)! 1 0 at*l7?>n5 



-hg&B&®gi8, mmxrvzfmi 
7&£zmm&ftmio a£x?^>?*-r£#ffiT*>cfc 

tlx, r i Ei;iot7;^tI4X'yf 
[0080] *ms©^«tci5^T, ±&mmm 

1 8 , IBft*^ -^117 *5 .fctfTSBfiHIB 1 0 OMM 
&ftm 1 0 a&MM<*>¥-l±\z£r>T^y^>{/-r 

[0 0 8 1] *$il&<D&mzi>l-fZ>*r<Di&<Dmrfi. f£fl! 

[0082] *3S9ite, ±ie&*ja<D^(cK«^n 

iflglSm's? FiCtHvrlftWb&at, C©*li«i!#£)g 
icbTfcJ:^. 
[0 0 8 3] OSO, *^fiUtC#^^ffl<D^MSm 

©^<ifC^bfc±gi$egJl©&aE£#T3attlg£Tg& 
®@g«hbTS#<B!llC^b. IBft^^-y^^^b 
T, ^ntC*K6j-r^<fc'5lC±E*iSO^S8{C^bfcTg|5 
©tsti *#-T ^mttK $-±315^® S t b T^T 

[0 0 8 4] *f6Wi, gt«M««^JfelR^O* 

£«*fcffift#ffl©?SE«IB&J§A-.y F^. 1S*£!«8^& 
^iC«toTEfti:S^SrfT5*MffiS^;'S-y KtCfcilffl 

[0 0 8 5] 

[JgUi©^] £t±i»^bfe«fcotc^3Si^:tib4<D 

^■rn^tcE«©*^ss^^ y f *fcttBi#a 5 b 
8 cntmi>icEio*iBaA? Fosit^ffitctn 

^ 1 ©att«*«ffi^« £ 3 - * t 
b, S.03-^gP^©j«^fSliiiffl!|©^tt^«|Sl 
e^nfefiMtcKMS tl-5WT. SI 1 <DEBf4JS«JSB 

ftmv>w)s\zmm.zn2><D-Q. i^rog^e.^-5Si2» 
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[0086] sfc, m$M4uwi<DBwm^y H*>t 
imnvffimtmwi 

[0 3] 0 2tCj^<Xig^HJ-r2.fc8e)©»fffi0T* 

[04] m3\zu<i:m&mwTz>rcet)<DWimm-c& 

[0 5] 04^<xe*ittHJT?>fc«)©Br®0T* 

[0 6] *SIW<D^l<©*Jg©^MStC«S^geSS^^ 
FWErffi0-C&3. 

[0 7] ^BJ©^1©*SSC0^S81'^2>*^^^ 

[01] 



^^*T^ffi0-efe^., 

[0 8] if%m<DW,2<D^m<omw>z^nwM.%^v 

[0 9] »©»isa^7 F©»a*SK:*tt*— x 
g£i&§rr5fca6ro$r®0T?&3. 
[010] 0 9(^<XS^I5iW-r ; 5fcJe)ro®fB0T-fe 

[011] 01 0fc«6<xe*«Wr*fc*©WfiBH"C 
[012] 011 tC^< xe^lftHJ-r?.fc«6»»fffl0T* 

[013] fl£*©«a^y F<D¥®0T&3. 
[^©gifl] 

1-WR. 2-«6g*, 3 •• TfS^-^Kg, 5 -MR 
8-Xg5->-^Hl, 9-MMt. 10-T» 
«M. 10a-ffim 10b-3-f»»l. 1 
1-^H. 1 
1 6-i^B, 1 7-iBfi*tyyi. 1 8-X8fcfiS® 
H, 2 0-*-n-3-M, 3 0-X7^7'J^ 



[0 2] 




to) (b) 





[04] 



[0 3] 




[0 5] 



(a) 



15 17 10a 11 




») 110 



109 108 



[010] 



109a 




CM 

119 ... HO 
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[08] 



n" l.. , ».-.H« , . , 14f IPC 




[0 9] 



(a) 



105 ! « T 104 107 




Cb) 

lq8 iP6"l 7 105 W 'P 3 



y* y/ y/ y/ y:y. y 



7^ 



101 102 




[011] 



[012] 




101 103 102 101 
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[013] 




